Archaeoparasitology is the integration of evidence of ancient parasites with archeological reconstructions of passed human activities. This includes direct evidence (eggs, larvae, DNA) and the pathology caused by parasites (cysts, organ alterations, soft tissue lesions). For most of the history of the field, evidence of protozoa infection has come from characteristic lesions consistent with pathology caused by certain protozoa parasites. In the case of Trypanosoma cruzi, megacolon and/or megaesophagus are the pathological indicators of the disease (Aufderheide & Rodríguez-Martín 1998) . Now, DNA recovery from ancient remains is augmenting diagnosis (Ferreira et al. 2000) . However, because of variable taphonomic conditions, one can not anticipate that all pathological conditions evident in mummies or skeletal remains will respond to molecular analysis. Therefore, the search for gross pathology will continue to be a major goal in archaeoparasitology. This paper summarizes the search for pathology diagnostic of Chagas disease in the desert west of North America and on a specific case from the Chihuahuan Desert that appears to be a good candidate for this disease. Chagas disease is caused by T. cruzi. This flagellate protozoan enters the blood stream, proliferates in the blood, and eventually invades nerve cells. Triatomine bugs of the family Reduviidae transmit the disease when feeding and defecating on humans.
BACKGROUND
The preservation of material in the desert west of North America, including states in Mexico and the USA, is ideal for bioarchaeological study (Reinhard 1992) and archaeoparasitology (Reinhard 1990) . Rockshelters are abundant in the cliffs lining the canyons in the area and preserve dried mummies for study (El-Najjar et al. 1998 ). The general aridity of the region results in the preservation of coprolites which provide important helminthological (Reinhard 1992) , dietary (Minnis 1989) , and medicinal (Reinhard et al. 1991) information.
Chagas disease is endemic to the region (Roberts & Janovy 1996) . One of the syndromes caused by the disease is megacolon, also called enlarged hollow viscera. This syndrome results when the infection causes the loss of nervous activity in the large intestine. Peristalsis is disrupted, eventually stops, and the colon fills with partly digested food. The intestine diameter becomes profoundly altered. As the colon fills, muscular strength or tonus is lost, and the colon diameter enlarges. Eventually death occurs, often due to toxic compounds and bacteria leaking from the enlarged colon.
In archaeological settings of South America, megacolon is evident as abnormal fecal accumulation in the colon (Aufderheide & Rodríguez-Martín 1998) . In well preserved mummies, the remains of the enlarged intestine surrounding partially digested food have been found. Even if the epithelium is not preserved, the morphology of feces associated with a mummy or skeleton is abnormal in appearance. Normal feces from the colon are small pellets of food that are defined in size by the haustra within which they form (Reinhard 1993) . These pellets are not cylindrical except in the lower bowel. In general, the shape of normal pellets is discoidal or globular (Fig. 2) . Dry weight of pellets ranges from 1-6 g. In size they are 2.5-3 cm in largest dimensions. In cases of megacolon, the feces in mummies will exceed the size and weight of normal intestinal fecal pellets. The feces can also become contiguous with each other and form larger, cylindrical forms. Therefore, examination of feces for abnormal morphology can be useful in identifying megacolon. The analysis of skeletonized burials during the 1980s and 1990s showed that fecal residues and pellets could be found with burials even of no soft tissue was preserved. The first such find was made in 1984 when fecal components were found with an Anasazi skeleton . In this case the fecal pellets were not preserved. The feces had fragmented and the fecal components were mixed in the sediments within the pelvic girdle. In 1988, a Mimbres burial from New Mexico was found (Shafer et al. 1989 ). In the sediment of the pelvic girdle, distinct fecal pellets were found. These were of size and weight consistent with normal colonic feces. These studies demonstrated that feces could be found in burials and provided evidence of diet and medicine. However, they did not indicate any pathology that affected the size and morphology of the fecal pellets.
In 1991, a skeleton of an Anasazi child was found in Utah (Dominguez et al. 1992) . Large fecal pellets were found in the abdominal region. Although the pellets were of normal shape for the large intestine, they were of abnormal amount. From this individual, 21 large fecal pellets were recovered. In the laboratory, the pellets were oriented in anatomical position. It appeared that most of the colon was filled with the pellets. The feces were composed almost entirely of grass seed of the type known as Indian Rice Grass (Oryzopsis). Palynological study revealed grass pollen (Poaceae) and Mormon tea pollen (Ephedra). Unfortunately, the feces were recovered from a disturbed burial and no soft tissue was preserved. Thus the nature of the feces was consistent with megacolon, but the anatomical association was not sufficiently preserved in the field to warrant a diagnosis of this condition. However, the laboratory evidence is highly suggestive of megacolon.
Radiographic analysis of two mummies from Chichuahua, Mexico show no distinctly identifiable fecal pellets (Luibel-Hulen 1985) .
Profoundly abnormal fecal deposits were found in a prehistoric burial on the Coahuilan-Texan border. This individual is the focus of the remaining discussion.
SMM mummy

Bioarchaeology of Northern Coahuila and the Lower Pecos of Texas
The region of the Rio Grande (Rio Bravo) possesses a rich bioarchaeology, especially between the border towns of Ciudad Acuna, Coahuila and Del Rio, Texas and extending to the tributaries of the Amistad International Recreation Area and on both sides of the international border (Fig. 1) . In arid rockshelter environments, coprolites and human remains are excellently preserved (Turpin et al. 1986 ). Culturally and ecologically, the region has a heritage derived from Archaic hunter-gatherer cultures that extended over Northeastern Mexico (Shafer 1986 , Taylor 1966 . The hunter-gatherers who inhabited the area created art and artifacts that are some of the most impressive in the world. Dramatic rock art is common in the area (Shafer 1975 , Turpin et al. 1982 , Turpin 1986 ). Certain other artifacts such as "painted pebbles" (Pearce & Jackson 1933 , Shafer 1986 ) and clay figurines (Shafer 1975) are unique to the region. Although not unique to the area, complex woven artifacts are commonly found in the area (Andrews & Adovasio 1980 , Shafer 1986 , Turpin et al. 1986 ). Previous parasitological study has been confined to the analysis of 116 coprolites. In one of these coprolites, pinworm eggs were found (Reinhard 1990 ). There is no evidence of any other intestinal parasites. There is no evidence of lice reported from the analysis of mummies (El-Najjar et al. 1998 ). Dietary analysis shows that the lower Pecos inhabitants occasionally ate millipedes. This habit would have exposed them to infection with Macrocanthorynchus ingens, an acanthocephalan. However, eggs of this species have not been found in coprolites. Thus, parasitological analysis to date has not revealed evidence of significant parasitic disease in the lower Pecos.
Many mummies have been excavated from the region. They provide an opportunity to study parasitism of soft tissues. One of the first mummies found in the region exhibits pathology consistent with Chagas disease caused by T. cruzi. Turpin et al. (1986) present an analy- sis of the mummy with comparison to four others. A radiocarbon date indicates the individual died about 1,150 years ago. The mummy is referred to as SMM and was an adult male between 35 and 45 years of age. Dietary study of the intestinal contents of the mummy is presented by Turpin et al. (1986) . Palynological analysis showed that grass dominated the pollen spectrum followed by Asteraceae pollen with low amounts of Pinus, Cheno Am, Celtis, and unknown types. Other taxa present include Onagraceae, Umbelliferae, Juniperus, Malvaceae (Mallow), Dasylirion, Agave, Quercus, Prosopis, and fern spores. Grass pollen aggregates were present. Macroscopically, Opuntia and grass seed (identified as Setaria) were found as well as fibers, probably from Agave. A surprising variety of animals were found in the intestinal remains including skeletal elements of several fish, a snake, a bat, Peromyscus (white footed mouse), Thomomys (pocket gopher) and 250 fragments of grasshoppers. It appears from the pollen and small animal evidence that death occurred in spring (Turpin et al. 1986 ). Hair and feather were also present.
Artifacts
The SMM mummy was found in an elaborate burial with many artifacts. Textiles buried with the mummy included five woven mats, two of which were also painted. The mats were woven of fibers from local succulent plants, probably Dasylirion. Stone beads were also buried with the mummy. The exact location of the beads relative to the corpse is unknown. The burial was wrapped in a fur robe and a rope reportedly made of human hair. Also wrapped around the body was a long strap made of deer hide painted red.
Of these artifacts, the rope and strap are most important. The rope consists of tightly woven hair ranging from 0.9 to 1.1 cm in diameter. In total, there are 44.03 m of rope. Four independent sections are tied into double or quadruple loops attached to a single rope strand. Although the rope has been identified previously as human (Turpin et al. 1986 ), microscopic analysis shows that the rope was made of animal hair of three different species. Hair rope, whether made of human or animal hair, is very rare. Only one other specimen has been found. Normally, rope and other cordage is made of vegetal fibers. The presence of the rope wrapping around the burial suggests that it had a special status in life.
The deer hide strap may have had a more utilitarian function. The rope is 1 cm wide and is painted red on both sides. It is now in many fragments. However, our examination of the fragments reveals only two cut ends, so it is probable that the rope was one long piece when it was used. Now it is in 17 segments ranging from 7 to 70 cm in length. The total length of the segments is 756 cm. When the mummy was found, the strap was found wrapped around the lower torso.
The mummy
The mummy is composed of a nearly complete skeleton with hair, some connective tissue and a large portion of the digestive tract. The mummy was laid on its right side. There is a mass of material, possibly the contents of the small intestine, resting on the right side of the thoracic and abdominal area. Sections of this material are under study to determine their anatomical origin.
The large intestine is nearly complete (Figs 3-6 ). The appearance of this organ is consistent with megacolon. There are ten segments of the colon that are preserved today. Most segments exhibit a grossly enlarged diameter. The observations of diameter, length, weight, and volume for each segment are presented in Table I . The average diameter of the large intestine was 6 cm. There are 112.9 cm of the large intestine, compacted with partially digested food, which are "mummified". The reason the intestine "mummified" is due to the fact that it was filled with compacted food remains that desiccated and retained the form of the colon (Fig. 3) . Of the intestine segments that could be weighed, 1,170 g of feces were present. The total volume of the preserved large intestine was 3,710 cm 3 .
The SMM mummy contrasts with normal mummies. As noted above, normal fecal pellets are present ranging up to 3 cm in section. These are separated from each other in the haustra of the intestine. The diameter of a normal, mummified intestine is approximately 3 cm. Normally, the amount of feces in the large intestine weighs less than 30 g. In contrast, the SMM mummy contains feces of 6 cm in diameter and at least 3,710 cm 3 of feces are within the mummy (Figs 3-6 ). Never has a large intestine been found that is completely filled with partially digested food. Analysis of the contents of one intestinal segment revealed bones of fish, four rodents, a bat, 250 grasshoppers, plant fibers, seeds, and grass pollen. The entire colon is filled with these sorts of foods. Therefore, the findings of this study demonstrate that this mummy suffered from megacolon in life. tions of the colon. The anterior iliac crests left their impressions on two other segments of colon. This indicates that the abdomen was distended. It is possible that the deer hide strap represents an attempt to support the distention of the abdomen. There are three grooves in the mass of feces from the right side of the body that suggest that the strap was wrapped around the abdomen. There would have been abnormal bladder function at the time of death because the pelvic girdle was entirely filled with food at the time of death.
Pathoecology of Chihuahuan Desert Chagas Disease Vector Considerations Regarding Chagas Disease in the Rio Grande
Triatomine bugs -Triatomine bugs belong to the order Hemiptera, family Reduviidae, and of the subfamily Triatominae. They are obligate hemophagous ectoparasites that feed on vertebrate blood. Triatomines are hemimetabolous true bugs, and therefore go from the egg, nymphal, and adult stages without a pupal phase (i.e., incomplete metamorphosis). Adult and nymphal bugs generally feed on the same variety of vertebrate hosts as adults, and both are therefore capable of transmitting T. cruzi infections.
The effects of this condition must have been severe. The individual died between 35 and 45 years of age. At the time of his death, the contents of his colon essentially filled the pelvic cavity of the pelvic girdle (Fig. 4) . The expanded mass of food pressed up against the spine. The impressions of the spinal column are present on two sec-The insects are also referred to in the entomological literature as triatomiid (or triatomid) and reduviid bugs. Other more common regional sobriquets include "conenose" and "kissing" bugs, "barbeiros," and "vinchuca" (Ryckman & Blankenship 1984 :414-418, Schofield et al. 1987 . In the New World triatomine bugs are recognized as the principle vector of Chagas disease and can also cause allergic reactions in individuals who are frequently bitten by the arthropods (Ryckman 1981) . Although the bugs are found in Africa, Asia and Australia, neither T. cruzi or Chagas disease appears to be present in the Old World (Lent & Wygodzinsky 1979 , Ryckman & Archbold 1981 .
Adult and nymphal triatomiid bugs are generally nocturnal and take their blood meals when vertebrate hosts are quiescent or sleeping. The rostrum of conenose bugs, i.e. the proboscis-like apparatus inserted into the skin to draw blood, is needle-like and causes little or no discomfort to the host during the blood meal (Ryckman 1981) . However, it is not able to penetrate blankets or clothing, and as a consequence bugs must feed on open areas of the skin such as arms, hands, legs, feet, and faces.
Triatomiid bites often produce localized reactions of intense itching and wheal formation. In some cases patients may suffer more severe systemic allergic reactions or anaphylactic shock, especially when fed on frequently (Wood 1942b , Edwards & Lynch 1984 . The reactions are attributed to foreign proteins in triatomine saliva injected into the wound to retard coagulation of the blood and to keep their feeding rostrums clear (Ryckman 1981) .
However, T. cruzi infections are not transmitted through triatomine bites, but via the feces of infectious bugs. Triatomiids become infected with T. cruzi after feeding on vertebrate reservoirs, generally rodents and small mammals (Usinger 1944 :18, Ryckman 1986 ). The parasites multiply in the gut and are passed in the feces of infected bugs. Competent triatomiid vectors defecate during or soon after feeding, directly contaminating the area of the bite wound. Contamination of skin abrasions, the mucosa of the mouth, or the conjunctiva of the eyes can also result in infection. Humans may contaminate the bite wound with feces while rubbing or scratching the site. Infections may also occur when infected triatomines are eaten. While this is probably the way most rodents and small mammals become infected (Burkholder et al. 1980 ), eating infected insects or even rodents is not considered epidemiologically important in modern human Chagas disease (Usinger 1944 :3, Lent & Wygodzinsky 1979 .
While Chagas disease is recognized as hyperendemic in South America (even to the point that the disease is also referred to as South American trypanosomasis), infections are rare in the United States. It has been pointed out that this is probably due to North American trypanosomes being less virulent than South American strains (Schofield et al. 1987 (Elkins 1951b , Eads et al. 1963 . Regardless, all seven Texas species have be reported to be naturally infected with T. cruzi (Wood 1941a ,b, Davis et al. 1943 , DeShazo 1943 , Sullivan et al. 1949 , Elkins 1951a , Pippin et al. 1968 ) and all are considered potential vectors of Chagas disease. These species have found naturally infected in other regions of North America as well (Wood 1941a ,b, 1942a , Usinger 1944 .
The primary vertebrate reservoir host for T. cruzi in Texas appears to be wood rats (Neotoma micropus, N. mexicana, Neotoma spp.) (Packchanian 1942 , Sullivan et al. 1949 , Buckholder et al. 1980 , Ryckman 1986 ). However, several other rodents and small mammals have been implicated as probable reservoirs including two species of pocket mouse (Perognathus hispidus, Liomys irrorattus), the grasshopper mouse (Onychomys leucogaster), house mouse (Mus musculus), opossum (Didelphis virginiana), nine-banded armadillo (Dasypus noveminctus texanus), and Western Pipistrelle bat (Pipistrellus hesperus) (Wood 1941a , Packchanian 1942 , Burkholder et al. 1980 .
In the Rio Grande Valley, four separate studies conducted between 1941 and 1980 (Wood 1941 , Sullivan et al. 1949 , Eads et al. 1963 , Burkholder et al. 1980 ) have shown T. cruzi to be enzootic in five species of conenose bugs. Between the four studies, a combined total of 861 triatomines were tested for the protozoa with 21.4% positive. The number of species tested and the number positive in each study are presented in Table II . The known vertebrate reservoirs in the Rio Grande Valley include the Southern Plains wood rat (N. micropus), Hispid pocket mouse (Pg. hispidus), Mexican Spiny pocket mouse (L. irrorattus), and Northern grasshopper mouse (O. leucogaster) (Buckholder et al. 1980) . Infections have also been detected in the Western Pipistrelle bat (P. hesperus) (Wood 1941a) .
The ability of the Texas T. cruzi strain to cause disease in humans was first demonstrated in 1942 by Packchanian (1943) when he infected a volunteer in the laboratory. Since then, five naturally acquired autochthonous human cases of Chagas disease have been laboratory confirmed in the state (Greg Pye, Texas Department of Health, pers. commun. 2000; see also Woody & Woody 1955 , Anonymous 1956 , Betz 1984 . Serological surveys in south Texas, including the Rio Grande Valley, have produced evidence of at least 24 additional subclinical or asymptomatic human infections (Table III) , 1965 , Kagan et al. 1966 , Burkholder et al. 1980 . Chagas disease has also been diagnosed in dogs and non-human primates from Texas (Kasa et al. 1977 , Williams et al. 1977 , Meurs et al. 1998 . Subclinical infections have similarly been detected in coyotes, domestic stock, and other animals (Burkholder et al 1980 , Grögl et al. 1984 .
In addition to the Texas cases, one naturally acquired human infection has been documented in California (Schiffler et al. 1984) . Several species of farm animals have likewise been experimental infected with a Maryland strain of trypanosome (Diamond & Rubin 1958) . A laboratory acquired cases was reported in the USA (Aronson 1962 ), but infection was due to a foreign strain of T. cruzi. Regardless, the non-Texas evidence serves to further demonstrate the infectivity of North American trypanosome strains.
The probable case of Chagas disease represented by the SMM mummy was most likely due to inoculation with infectious feces from a conenose bug. While it is not possible to determine the species involved, there is evidence to narrow the field of candidates. Infection rates for triatomiids from the Rio Grande Valley presented in Table  IV suggests T. gerstaekeri and T. neotomae as the most likely vectors. However, T. neotomae maintains a strong preference for N. micropus for bloodmeals, whereas T. gerstaekeri is more opportunistic, feeding on a wide variety of hosts, including humans (Packchanian 1939 , Eads et al. 1963 , Lent & Wygodzinsky 1979 . Indeed, participants in one Texas serosurvey specifically stated that they had been bitten by the latter species .
Fecal inoculation is not the only means by which this individual could have become infected. Indeed, the intestinal contents of the SMM mummy suggest that this individual may have inoculated himself through his diet. It has been reported that T. cruzi transmission can occur when animals eat either infected conenose bugs or infected rodents (Usinger 1944 :3, Lent & Wygodzinsky 1979 . Among the intestinal contents of the SMM mummy were the remains of a white-footed mouse, pocket gopher, Western pipistrelle bat, and 250 grasshoppers. Analysis of coprolites from west Texas shows that people in this area ate a wide variety of rodents, the most common of which were Neotoma species ( Table V) . The food residue preserved in SMM mummy raises the possibility that he could have ingested an uncooked rodent or bat that was infected with T. cruzi. Similarly, the presence of grasshoppers in his diet suggests he may have occasionally eaten other insects, including infected triatomiids. While ingesting infected vectors or reservoir hosts does not appear to be epidemiologically important in the spread of Chagas disease in extant human populations, the SMM mummy suggests it should be reconsidered with respect to societies exhibiting other than western dietary menus. Sourcer: Wood (1941b) , Sullivan et al. (1949) , Eads et al. (1963) , Burkholder et al. (1980) 
PREHISTORIC PATHOECOLOGY OF CHAGAS DISEASE
The effects of enlarged hollow viscera are clearly documented by this mummy. This syndrome is associated with Chagas disease. We suggest that the conditions and lifestyle that promoted a unique pathoecology for this disease existed in the lower Pecos. First, Chagas disease is endemic in the region today. Triatomiid bugs live in the area and human infections have been documented. We also believe that the lifestyle, especially cave dwelling, would have provided the behavioral conditions that promote infection. Cave excavations in the region, for example, indicate that the fill is composed of a great quantity of vegetal fiber. Layers of vegetable refuse would have provided ideal habitat for heomphagous arthropods including triatomes. Also, grass "beds" have been found in the caves indicating that the local prehistoric population did sleep in the caves, at least on occasions (Shafer 1986 ). Thus, individuals sleeping in the caves infested with the nocturnally active triatomes could have been at risk of contracting Chagas disease.
Another aspect of the pathoecology of Chagas in the area is the human consumption of uncooked woodrats in prehistory. The fact that unburned bone and hair have been found in the coprolites from the area indicates that humans could have consumed infected rodents. The consumption of infected rodents increases the risk of infection.
CONCLUSION
We present this as evidence of the gross pathology of Chagas disease. We believe that molecular and histology studies are needed to verify this as Chagas disease. We hope to include molecular studies in a battery of tests to document this mummy more fully.
Because autochthonous Chagas disease is rare in North America, documented human cases are unique and worthy of note be they contemporary or ancient. Indeed, in representing a newly recognized North American case of Chagas disease, the SMM mummy is important to paleoepidemiologists and clinical epidemiologists alike. 
